I
T has been demonstrated that many cases of chronic and subacute subdural hematoma can be successfully treated nonsurgically. 1-4'7'9'xs With increasing recognition of this fact, there has been a corresponding increase in the need for nonsurgical methods for the diagnosis and evaluation of this condition. Clinicallaboratory correlations must be studied in each case so that prognosis and management can be rationally determined. Radionuclide scanning and electroencephalography (EEG) are methods which can provide valuable information without risk to the patient. To assess their value, we studied the data obtained by these methods in correlation with clinical information and radiographic examinations performed in a series of cases observed over a prolonged period without surgery.
Clinical Material
Since 1958 over 100 patients with subdural hematoma have been successfully treated without surgery at The Mount Sinai Hospital and affiliated institutions? A previous report analyzed the significance of serial EEG studies in data derived from 21 of these cases? Increasing use of radionuclide scanning, using both "static" and "dynamic" techniques, has enabled us to add information j. Lusins, R. Jaffe and obtained by this method in patients with unoperated subdural hematoma followed over periods up to 5 years. The 11 patients in this study all had angiographically proved subdural hematoma. The patients were selected from the much larger group because they had multiple scans and electroencephalograms during their hospital stay, and because they were accessible to follow-up scanning and electroencephalography. All patients had repeat angiography befoi'e discharge and four had angiography at later dates. Nine patients were not operated on; two patients underwent surgery and are 
Summary of Cases
The history, prominent signs, course, and outcome in the patients studied are summarized in Table 1 . Nine of the patients had a history of head injury from 2 to 4 weeks prior to admission. Nine had significant lateralizing signs, and seven had evidence of depressed level of consciousness. The duration of hospital stay ranged from 3 to 10 weeks, and all patients improved. Six of the nonsurgically treated patients received parenteral and oral steroids. The others did not. Periodic reevaluations were carried out, with an average follow-up period of 4 years. Eight patients had uneventful courses. The five who had been employed returned to their prior occupations. One patient (Case 9) was readmitted 3 years after his first hospital stay, with a subdural hematoma on the opposite side. This was treated nonsurgically and he has done well. Another patient (Case 4) has had a course complicated by chronic alcoholism and a moderate organic mental syndrome. One patient (Case 8) developed a convulsive disorder.
Brain Scan and EEG Results
At the time of admission, all patients had brain scans showing abnormal uptake on the same side as the subdural hematoma. The abnormality was in the form of a "crescent sign" on the anterior view. All except one had abnormal EEG's that showed dysfunction on the side of the hematoma, as manifested by marked unilateral slowing, with some evidence of underlying diffuse dysfunction. Repeat studies performed 3 to 6 weeks later showed that, although the brain scan was FIG. 3. Case 9. Serial scans showing the initial subdural hematoma on the left, followed by a subdural hematoma on the right 3 years later. A) Anterior view of a 99mTc-scan showing a left-sided area of increased activity in the form of a crescent. This is on the same side as the angiographically proved subdural collection. B) Follow-up scan 4 months later shows that the abnormality is still present. C)Scan performed 3 years later shows the increased activity now on the right side. Angiogram performed at this time showed that the subdural on the left had completely resolved and that there was a new subdural collection on the right. D) Repeat study 4 months later shows decrease in the intensity of the abnormality. E) Repeat scan 2 years later shows that the scan has returned to normal. positive in all cases, the EEG was normal in seven cases and showed distinct improvement in two. All patients were markedly improved clinically, most having only minimal dysfunction. The repeat angiograms showed that the subdural collections were definitely smaller, but none had resolved completely at that time.
Late follow-up studies were done after an interval of 3 to 4 years (Fig. 1) . The EEG's were normal in all patients. The brain scans had returned to normal in all except one (Case 4), who had a small amount of increased activity on the side that previously had shown a large area of increased uptake. Repeat angiogram in this case showed that the subdural collection had completely resolved (Fig. 2) .
One patient (Case 9) developed another subdural hematoma on the opposite side after an interval of 3 years. The scan at this time was negative on the side of the earlier lesion, and positive on the side of the fresh one. Electroencephalography also showed that the abnormality was now on the side of the new lesion. Angiography indicated that the first FI6. 4. Anterior ~gmTc scan of patient with operated subdural hematoma. Scan is positive on the same side as that from which the hematoma was removed 5 years earlier.
collection was completely gone and revealed a large subdural hematoma on the opposite side. He was treated conservatively and 3 years later a brain scan and an EEG were both negative (Fig. 3) .
The patient who developed a seizure disorder (Case 8) also had repeat angiography. No hematoma was found. One patient operated on for a left subdural hematoma did not have a preoperative scan or EEG. The other operated patient had a preoperative scan only. One individual who was operated on was rescanned 5 years later, and the scan was distinctly positive over the area of the previous subdural hematoma (Fig. 4 ). An angiogram, however, showed no mass lesion to be present. The second patient operated on was rescanned at 1 month and again at 8 months and the scans were positive.
Discussion
The use of the brain scan in the diagnosis of subdural hematoma has been well established since Peyton, et al., TM first demonstrated a subdural hematoma with the use of diiodofluorescein. A number of radionuclides have been used; the most common is mercury-197 or 203 chlormerodrin, radioiodinated human serum albumin, and most recently, technetium-99m pertechnetate. A review of a number of series dealing with subdural hematoma shows that there is an overall diagnostic J. Lusins, R. Jaffe and M. B. Bender accuracy of about 80% to 85%. 5, 6, 8, 11 It is uncertain why the remaining 15% to 20% of the patients have negative brain scans. A percentage of the scans is negative because the hematoma is bilateral and the resultant symmetry of the isotope uptake leads to an interpretation of normality. Some hematomas may be large enough to be demonstrated angiographically, but are too small to be visualized with certainty by scanning. The most important causative factor in the false negative scan may be related to the duration of the lesion. Data in the literature indicate that the chance for a positive scan increases as the age of the subdural hematoma increases. For example, Cowan, et al.,6 report 91% accuracy in lesions over 10 days' duration and only 50% accuracy in lesions of lesser duration.
No prior reports in the literature deal with the outcome of the positive brain scan if the patient does not undergo surgery. In operated patients, the scan may remain positive for months or years, as in our two operated patients. The positivity of the scan may be attributed to residual membranes or to scar tissue. 1~ We are not aware of a study where patients operated on for subdurals have been compared postoperatively to determine if those who had residual membranes differed in terms of scan results from those who did not. In one of our operated patients, the follow-up scan at 9 months was still positive even though membranes had been removed at surgery.
As our study shows, the scan in the nonoperated patients gradually returns to normal. Since there has been no surgery, we are not sure what becomes of the subdural membrane after the fluid is reabsorbed. However, it is apparent that if the subdural membrane persists, its ability to concentrate radionuclide is minimal once the subdural fluid is absorbed.
The electrical abnormalities in this series were similar to those reported earlier? There was no characteristic finding, but most of the patients showed slow waves in the theta and delta ranges on the side of the lesion, or bilaterally with accentuation on the affected side. Although some of the patients showed asymmetry of the alpha activity, none showed the "suppression" of alpha which was at one time considered diagnostic of subdural hematoma, x~ Brain scan and EE(; in unoperated subdural hematomas
The relatively rapid clinical improvement seen in this group of unoperated cases is consistent with that found in our overall series. The clinical improvement was paralleled by an equally rapid improvement in the EEG. In the early follow-up studies, seven of the nine patients showed completely normal EEG's ( Table 1 ). All of the EEG's were normal at the time of later follow-up.
The very long periods of follow-up observation in this study indicate that the spontaneous resolution of the subdural collection is usually complete and permanent, and that there is usually no residual clinical or EEG evidence of cerebral dysfunction.
Conclusions
We have presented evidence based on serial brain scan and EEG studies performed on nine unoperated subdural hematoma patients followed over a period of 3 to 5 years. The results of this study indicate that the EEG is a more reliable indicator and correlator of clinical dysfunction in the presence of a subdural collection than is the radiographic appearance of the lesion. Our study also shows that radionuclide scanning may be a reliable indicator of the physical presence of the subdural collection as well as a practical method for long-term follow-up of the resolution of the hematoma. The scan, however, is no more reliable than the angiogram in indicating whether the lesion is likely to be causing clinical evidence of cerebral dysfunction. If criteria related to the degree of clinical dysfunction are to be used in determining whether the patient is to be operated on, it is apparent that the EEG is the more significant laboratory method in the management of those cases once the diagnosis has been confirmed.
